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ZEROAND FINITEFIELD MSR IN SPIN GLASS AG:MN

J. A. &ownl, S. A. Ibddsz,T. L. Utle2, R. H. tkffnerl,M. Leonl,
D. E. MacLa~hlln3pC. E. OlsenJ, and M. E. Schillacil

In this paperw presentuSRdata takenin both zeroand finitefieldsfor a

M:hln (1.6 at%) spin glass sanple. ‘he data allowus to detmnine, in the

contextof a particularmodel,the fluctuationrate of the M ions as a function

of tanperature. This rate decreasesmoothly but very rapidly near the glass

temperature,Tg. lhe correspondingbehaviorin CU:M is more gradual[11.

The sanplewas prepard by arc meltingmd then annealingat80C C for orle

hour. The low fieldAC susceptibilityof our sanpleshowsa sharpcusp at the

expectedTg = 7.6 K. Won data wereobtainedat the stopped mon channel of

LAMPF. A conventionaltimedifferentialtechniquew~s used to obtaintransverse

depolarizationratesat severalfieldsand temperatures.Zero field data w?re

obtiinedwith a pairof countertelescopesalongthe bean direction.The effects

of counterefficiency,solidangleand bea polarizationwsreestimatedby usinE

the same counters

zero fieldd~ta were

function of time.

an externalfieldof

to measurea BSRspectrunin a mall transversefieid. The

thereby malyzed to yield the muon polarizationas a

All measurementsbelowTg wre made by coolingthe samplein

lessthan one gauss.

Fig. 1, Relaxationrate A for an
t

assuned exponential de~larization, -

versustemperature.The errorbars are ‘u ‘

approximately the size of the plot &

synbol. A pointat8 K and ! kG lies
3

betweenthe plottedvaluesfor 150G and -

5 kG. ‘he mrow indicatesTg. < J
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‘l’hetransversefielddata are summarizedin Fig. 1, which plotsexponential

depolarizationrate against temperature. lhe measurd rates show a rapid

increaseas Tg is approachedfranabove. &low Tg, the rate appearsto saturate

at (12~2) usec-l, whichis rathercloseto the expected[2] valueof 11 Psec-l

for a randomlyfrozenarray,assuninga dipolarcouplingbetweenthemuon and the

impurity.

’11 belw ‘g’ the zero field polarization function shows a rapid drop to

one thirdof its zer-time value,followed 5y a slower decrease to zero. A

finite depolarization rate persists to 2 K, indicating that fluctuations in the

local field are present dcwn to 0.27 Tg, At temperatures well above Tg, a smooth

but non-exponentialdecay is seen. Pbrecanplexbehavioroccurs at intermediate

temperatures.

In order to extract quantitative Information from our zer-field

depolarization curves, w? use the weak collision model of Leon [3]. lhe model

assunes that each stapped rruon sees a magnetic field of fixed strength but

tim~varyin~ direction. Ihe field strength at the various muon sites is assmed

to follow a Lorentzlan distribution with half-width a. The fluctuations of the

field directim are characterized by a single correlation time T, although recent

neutron scattering results [4] indicate this may be an oversimplification.

The results of fitting this model to wr zero field data are shown in Fig.

2, where we plot the % correlation time T against temperature. me low

temperature data require a : 18 usec “ (210 gauss), which 1s somewhat -arg(” than

the valueobserved for mall transverse fields. Thi~ value of a is held fixed in

the highertemperature fits.

Fig. 2. Ph spin correlation

time, in the weak collision

model, versus temperature.

I%e 312P of the dots

represerlts the error in I.

The solid line Indicates the

Korringa rate for an isolated

Mn ion in Ag, and Lhe arrow

denotes Tg,
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The variationof K with temperatureis obviouslyrapid,but stillsnooth on

the scale of the susceptibilitycusp width. It is interestingto notethat th;

measuredI reachesan apparentsaturation at a value near the observed [4]

Korringarate for free~ at only 1.3 Tg.

Ihe data do not follw an Arrheniuslaw over the fulltcsnperaturerange,as

Is clearlyshownby the persistenceof fluctuationsto very lcw temperatures,If

data betweerl6 and 10 K (0.7 - 1.3 Tg? are fit to an Arrhenl,uslaw a barrier

energyof Eb = 30kBTg is found,togetherwithan attemptfrequency Va of 2 x

l~” see-l. Theseresultsare to becunpared withvaluesofEb = 10.5kBTg and

‘a = 2 x 1012previouslyfound [11 for Cu:~(O.7%),whichhasTg = 7.5 K. In

addition to the obvious lack of scalingbetweenthe tw systems,the attempt

frequencyin Ag:Mn is unphyslcallylarge.

Futurewrk willdeal with a widerrangeof temperaturesand concentrations,

to tist the scalingof the resultspresentedhere. It till alsobe necessaryto

constructmore canpletemodelswhichallow for a distributionof correlation

times and for temperature variation of a.
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